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Abstract. The toxicity of the sediments detected in the northern bays of Lake Onego is determined by anthropogenic 
factors (pulp-and-paper industry and communal waste waters). Besides the toxic bottom sediments were observed in 
the central deep part of Lake Onego, which is connected to the geotectonic features of the area.  
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I INTRODUCTION 
Lake Onego (the northwestern part of Russia, 
Karelia) is one of the largest freshwater reservoirs 
with a great storage of high quality water – 295 km3 
[1]. Lake Onego provides a strategic reserve of 
drinking water and requires special principles and 
methods of monitoring and protection. 
At present time, the ecosystem of Lake Onego for 
most of its water area (in central deep parts) retains 
natural status, which is characterized as oligotrophic. 
Nevertheless, the northern bays of this lake now 
undergoing major changes associated with 
eutrophication. The main sources of pollution of the 
lake are situated on the banks of the northern bays. 
They are associated with the industrial towns 
Petrozavodsk, Kondopoga, and Medvezhyegorsk 
(Fig. 1). 
Also, Lake Onego is influenced by trout farms 
which tend to grow nowadays. Now in Karelia annual 
production of trout is about 12,000 tons (70% of the 
total amount in Russia), of which 5300 tons are 
produced in Lake Onego [2]. Thus, the regular 
monitoring of Lake Onego is required. 
According to the modern principles of 
biomonitoring, hydrobiological indicators are of high 
priority for assessment of aquatic ecosystems [3; 4]. 
Bioassay of water and sediment is one of the main 
elements of biomonitoring. Methods of sediments 
bioassay have been developed relatively recently [5; 
6]. Their approbation is necessary for the conditions 
of Lake Onego.  
The purpose of the report is to present the results of 
bioassay of bottom sediments of Lake Onego and to 
consider the reasons for their toxicity..  
II  MATERIALS AND METHODS  
The field campaign on Lake Onego was carried out on 
the research vessel "Ecolog" in August, 2014. Samples 
of sediment were collected at 47 stations with depths 
of 4.5-104 m (Fig. 1). The upper surface (3 cm) layer 
of silts was selected for bioassay.  According to 
methodology [7], aqueous extract was obtained from 
samples of sediment and then was tested.  
Planktonic crustacean Ceriodaphnia affinis Lillijeborg 
was used as a test-organism. The biotest with using of 
Ceriodaphnia affinis (Cladocera) was adapted for the 
purposes of environmental monitoring about 15 years 
ago [8]. The species Ceriodaphnia affinis  is the best 
test for express evaluation of the aqueous extract 
sediment toxicity [6; 9]. This species was used to 
evaluate the bottom toxicity of the large water bodies 
of the northwestern part of Russia [10].  
The duration of the bioassay experiments was 5 days. 
All experiments were carried out at a water 
temperature of 19.5-21° C. The experiments were in 
duplicate. Five examples of crustaceans were placed 
in each vessel. Two kinds of water were used as a 
control: ground water (pH = 8.02), used for the 
cultivation of crustacean Ceriodaphnia affinis, and 
water from the central area of Lake Onego (pH = 
7.54), used for the preparation of extracts from 
sediments. The survival of the crustaceans in the 
 
 






control was 100%. In total 1050 examples of 
crustaceans were used in the experiments, including 
110 examples in the control experiments. 
In sediments the total sulfur content was determined 
by spectrophotometric method [11]. The amount of 
sodium lignosulfonates in sediment samples was 
determined by spectrophotometric method by reacting 
with nitric acid [12]. Organic carbon content was 
determined by method of Turin [13]. The amount of 
total nitrogen content and total phosphorus was 
determined by spectrophotometric method [14]. The 
amount of all components was calculated in percent of 
dry weight of sediment. 
III RESULTS AND DISCUSSION   
According to results of bioassay of aqueous extracts 
two different toxicity groups of sediments were 
determined. The majority of sediment samples (29 of 
47, i.e. 61%) were non-toxic. On the Figure 1 the 
stations with non-toxic sediments are shown by dots.  
The distribution of stations with different toxic 
sediments is presented in Fig. 1 (these stations are 
shown by stars). The most toxicity sediment were 
found in the different part of Lake Onego (Table 1). 
Six samples of toxic sediments (stations 6, 7, 8, 9, 10, 
11) were found in the northern polluted bays. Three 
stations with toxic sediments (7, 8, 9) were situated in 
Kondopozhskaya Bay, where the main source of 
pollution of Lake Onego (Kondopozhskiy pulp-and-
paper mill) is situated. The reasons of toxicity of 
sediments in the Kondopozhskaya Bay are associated 
with the large concentration of sodium lignosulfonate 
(the main component of pulp-and-paper mill 
wastewaters). Its content in sediments (% of dry 
weight) ranged 0,030-0,059. In the other samples of 
sediments sodium lignosulfonate was not found. 
Besides high concentrations of total sulfur, organic 
matter (organic carbon), nitrogen, phosphorus were 
found in the sediments of Kondopozhskaya Bay 
(Table 2). All these figures reflect the impact of pulp-
and-paper mill, which has discharged their sewage 
into the Kondopozhskaya Bay for more than 80 years. 
 
Fig. 1.  The Lake Onego. Stars - toxicity of bottom sediments 
(survival-rate 0-30%); dots - not toxicity of bottom sediments 
(survival-rate 80-100%). 
TABLE I 
The survival rate of Ceriodaphnia affinis in the aqueous extract of the most toxic bottom sediments in Lake Onego 
Part of Lake Number of 
station* 
Limits of survival-rate, % 
 
Kondopozhskaya Bay 7, 8, 9 0–20 
Petrozavodskaya Bay 6 0 
Povenets Bay 10, 11 0–60 
Bolshoe Onego 4, 5 0–40 
Central Onego 1, 2, 3 0–40 
Note: * Number of station – see Fig. 1. 
TABLE II 
Parameteres of the chemical composition of sediments of Lake Onego,% of dry weight 
Part of Lake Statistical 
parameteres 
organic carbon total sulfur total phosphorus total nitrogen 
Kondopozhskaya Bay Average 4,85 0,31 0,24 0,49 
Min 1,59 0,15 0,17 0,29 
max 14,66 0,58 0,35 1,06 
Petrozavodskaya Bay Average 1,67 0,14 0,15 0,23 
Min 0,54 0,08 0,06 0,17 
max 2,68 0,17 0,22 0,28 
Povenets Bay Average 4,01 0,12 0,16 0,20 
Min 0,31 0,10 0,11 0,18 
max 7,35 0,13 0,20 0,24 
Bolshoe Onego Average 1,92 0,15 0,26 0,30 
Min 0,91 0,11 0,13 0,10 
max 4,07 0,18 0,43 0,46 
Central Onego Average 3,88 0,16 0,19 0,28 
Min 2,31 0,13 0,14 0,20 
max 5,50 0,18 0,25 0,35 
 
 






Increased concentration of sulfur in the sediments 
of the Kondopozhskaya Bay is associated with the 
sewage of a pulp-and-paper mill. The sulfur 
compounds, which are used in the wood pulping 
process reacts with lignin substances and form sodium 
lignosulfonate, which is deposited and accumulated in 
the sediments. It leads to an increase of the sulfur 
content in sediments. It can be assumed that the 
toxicity of sediments is connected with the pollutants 
that have been accumulated in sediments of 
Kondopozhskaya Bay. 
Toxic samples of sediments were also observed in 
the Petrozavodskaya bay. This station (number 6) is 
deep (depth of 26.7 m) and is located opposite the 
harbor of Petrozavodsk. The area accumulates 
pollutants coming from the territory of the city of 
Petrozavodsk which determines the toxicity of the 
sediments. Toxic sediments were also found in the 
upper part of the Povenets Bay (stations 10, 11) that 
reflects the impact of wastewaters from the city of 
Medvezhyegorsk. 
The toxic sediments from the central deep parts of 
Lake Onego (Bolshoe Onego and Central Onego, 
stations 1, 2, 3, 4, 5) are of the greatest interest (Fig. 
1). These are the most deep areas (depth of 40-100 m). 
The reason of toxicity of the sediments from these 
areas comes from the increased concentrations of trace 
elements, which enter the sediment as a result of 
subaqueous discharge. Lake Onego, like other deep 
lakes of Karelia, located in the zone of tectonic faults 
[15]. According the data [16] in deep-water areas of 
Lake Onego (Bolshoe Onego) anomalous distribution 
of chemical parameters (CO2, trace elements, pH) and 
conductivity were found in the upper bottom layer. 
The conductivity reached up to 140 mkS/cm in the 
pore water. In areas of subaqueous discharge 
geochemical anomalies were detected. Here, the 
differentiation of trace elements (Zn, Ni, Cd, Cu, Pb) 
and their accumulation in the solid phase and pore 
waters in the surface layer of sediment were observed. 
The concentrations of trace elements reached toxic 
levels for water organisms: copper – up to 130 mkg/l; 
cadmium – 15 mkg/l; lead – 20 mkg/l; nickel – 30 
mkg/l; zinc – 1 mg/l. 
Based on the bioassay data, we assume the 
existence of toxic factor of natural origin, which is 
related to the accumulation of toxic trace elements in 
zones of tectonic faults in the central parts of Lake 
Onego. 
New data on the toxicity of sediments in the central 
parts of Lake Onego are of importance in developing 
lake monitoring in terms of macrozoobenthos. Heavy 
metals (Zn, Ni, Cd, Cu, Pb) which enter the sediment 
in subaqueous discharge may adversely affect the 
benthic organisms, namely, to limit their number in 
the deep area in Lake Onego. This assumption is 
confirmed by observational data on abundance and 
biomass of benthic organisms which are the lowest in 
the deep part of Lake Onego [17].  
IV CONCLUSIONS  
The results of bioassay of sediments show that the 
most bottom areas of Lake Onego are characterized by 
non-toxic sediments at present time. The toxic 
sediments were found in Kondopozhskaya Bay, 
polluted by wastewater of pulp-and-paper mill, as well 
as in the Petrozavodskaya Bay and in the Povenets 
Bay which are anthropogenically affected. The 
hypothesis on the existence of a toxic factor of natural 
origin which is related to the accumulation of toxic 
trace elements in zones of tectonic faults in the central 
part of Lake Onego is proposed. The data obtained 
should be taken into account in biomonitoring of Lake 
Onego. 
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